ClpXP-dependent proteolysis of FNR upon loss of its O2-sensing [4Fe-4S] cluster.
The global regulator FNR from Escherichia coli controls the transcription of genes required for an anaerobic lifestyle. While previous studies have demonstrated that FNR activity is regulated by O2 through loss of dimerization upon destruction of its [4Fe-4S]2+ cluster, the present study reveals that monomeric FNR protein is also a target of proteolysis. We have found that turnover of FNR protein is increased selectively under aerobic growth conditions, when FNR is not active as a transcription factor and is primarily a metal-free, monomeric form (apo-FNR). This degradation of monomeric FNR was dependent on the ClpXP protease and required the presence of two amino acid sequences within FNR that resemble known ClpX recognition motifs. By measuring the turnover rates of various FNR mutants that have unique properties with respect to dimerization and Fe-S cluster stability, we have shown that loss of dimerization upon [4Fe-4S]2+ cluster destruction by O2 targets FNR for degradation by the ClpXP protease. In addition, by measuring the differential rate of FNR degradation upon switching aerobic cultures to anaerobic growth conditions, we provide evidence that pre-existing FNR apo-protein can be converted to [4Fe-4S]2+ -FNR. Finally, we address the physiological significance of FNR proteolysis by demonstrating that varying FNR protein levels over a small range under aerobic growth conditions has a direct effect on the function of FNR in O2 sensing.